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Research Topic: Design and Development of Automatic Liquid Filling System for

Food Industry

Head of Research Team: Dr. Udom Janjarassuk (Ph.D.)
Industrial Engineering Faculty of Engineering

King Mongkut’s Institute of Technology Ladkrabang

Abstract

The aim of this research is to design and develop a prototype of liquid filling machine for
food industry. The prototype consists of liquid storage tank, conveyer, filling head, and control
unit. In operation, the filling volume is adjustable by the user, and the container is conveyed
underneath the filling head in order to fill the liquid. The operations are carrying out
automatically by the control unit. The test results show that the prototype can fill the liquid
corresponding to the user specified volume with error less than 5 percent. The filling rate varies

in reverse to the filling volume, with a maximum rate of 19.32 containers per minute.
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50 mi 100 ml 200 ml 500 ml
No. | Volume = Error(%) | Volume Error(%) | Volume Error(%) | Volume Error(%)
1 51.43 2.86 95.62 438 | 198.37 0.81 | 515.74 3.15
2 51.40 2.79 98.31 1.69 | 199.49 0.26 | 495.81 0.84
3 51.80 3.60 97.47 2.53 | 203.11 1.55 | 519.89 3.98
4 48.69 2.63 95.60 4.40 | 205.11 2.55 | 515.72 '3.14
5 49.82 0.37 96.93 3.07 | 193.61 3.20 | 510.07 2.01
6 51.72 3.45 95.05 495 | 198.79 0.60 | 489.89 2.02
7 47.94 411 | 104.13 413 | 192.71 3.65 | 492.48 1.50
8 51.64 3.28 95.06 4.94 | 209.56 4.78 | 509.14 1.83
9 49.12 1.76 98.38 1.62 | 205.70 2.85 | 516.00 3.20
10 47.44 5.12 | 103.14 3.14 | 200.45 0.23 | 512.00 2.40
Average 50.10 3.00 97.97 3.49 | 200.69 2.05 | 507.67 241
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Filling Time (secs.)

No. 50ml 100 ml 200 ml 500 ml
1 3.0 5.2 9.3 21.2
2 3.1 5.0 9.1 21.1
3 3.0 5.0 9.3 21.1
4 3.2 5.2 9.3 21.3
5 3.0 5.3 9.2 21.0

6 3.3 5.1 9.2 21.3
7 3.2 5.3 9.2 21.0

8 33 5.0 9.0 21.3
9 3.0 5.2 9, 1 21.0

10 3.0 5.0 9.2 21.3
Total Time 31.1 51.3 91.8 211.6
Filling Rate (cups/min) | 19.32 11.69 6.54 2.84
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; Control program for Liquid Filling Mechine

; This program control the timing of filling liquid using
; a solenoid valve. The container is on a conveyor belt
; which is controled by a motor (On/Off). The filling time

; can be set by user.

H XTAL = 12 MHz : 1 cycle = 1 us

; I/0:

; pl4d-1.7 7 Seg digit wvalue

; pl.2-13 7 Seg digit selector (active low)

; pl.0-1.1 relays of solenoid/motor (active high)

: p3.3-3.5 push button inputs (active low)
- p3.7 container position sensor
- p3.2 buzzer output

; p3.0-3.1 EEPROM read/write

Segl BAT o~ P1.3

Seg0 BIT P1.2

Solnd BITY B11

Motor BIT \®1.0

Buz BIT P3.2

UPBT BIT P3.3

DWBT BIT P34

OKBT BIT P3.5

SENR BIT P3.7

Delay EQU 020h ;store the delay time
Time EQU 021h ;count the filling time
FillTM EQU 022h ;store the filling time
OneSec EQU 60 ;count 60=1 sec

OneTen EQU 6 ;1 ten of a second (1 time units)
Tmp EQU-  023h ;temporary storage

WU 2




ORG

LJIMP

ORG
CALL
RETI

ORG
START:

MOV

CLR

MOV
MOV

MOV

SETB
SJMP

CHK:
JB

MOV

Waitl:
MOV
Wait2:
NOP
NOP
DJINZ

DEC

0000h

START

--- Timer O interrupt address -------------- -

000Bh

ITR TMO

--- Program Start Address -------------------

0100nh

P1, #OFOH

Buz

FillTMm, #20 ;Fill time = 20 time units

Delay, #0neTen ;delay time (1 time unit = 0.1 sec)

Time, #0 ;starting time = O(sec)
Motor ;start motor
LOOP ;wait until sensor is blocked

; or OK is pressed

SENR, CHK ;wait until the object pass
; the sensor (block light = 1)
A, #197 sdelay 197*103us = 20ms before

; stop motor

Tmp, #25 ;2 cycles: 25%4us + 3us = 103 us
;1 cycle
;1 cycle

Tmp, Wait?2 ;2 cycles

A ;1 cycle

Waitl ;2 cycles
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CLR

CAT L
LOOP:

NOP

JB

CALL
CHK_SEN:

JNB

SJMP

SET_TIME:
CLR

SETB
OK_RELEASE:

JNB

CLR
SCAN KEY:

JB

SETB
UP_RELEASE:
JNB
CLR
INC
MOV
CJNE
MOV
SCAN DW:
JB

Motor ;stop moter

STARTTMO ;start timer O

OKBT, CHK_SEN ;check OK button

SET TIME ;OK button is pressed

SENR, LOOP ;wait until sensor is blocked
CHK ;go back to check (position

; sensor + OK button)

Motor ;stop the motor

Buz

OKBT,OK_RELEASE ;wait until OK is released

Buz

UPBT, SCAN_DW ;scan the UP Button

Buz

UPBT,UP_RELEASE ;wait until UP Button is released
Buz

FillTM

A, #0100 ;if FillTM = 100 then set it to 1
A,FillTM, SCAN DW

FillTM, #1

DWBT,DISP ;1f DOWN Button is not pressed,

;1190 to-display
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SETB Buz
DW_RELEASE:
JNB DWBT,DW RELEASE ;wait until DOWN Button is released
CLR Buz
DEC FillTM
MOV  A,#0 ;if FillTM = 0 then set it to 99
CJNE A,FillTM,DISP
MOV  FillTM, #099
DISP:
MOV  TIME,FillTM
CALL SHOWTIME
MOV A, #080H
SLEEP:
NOP
DEC A
JNZ  SLEEP

ORL P1,#11110000B ;clear display (7 segments)
JB OKBT, SCAN KEY ;repeat scan if OK is not pressed
SETB Buz
OK_RELS2:
JNB OKBT,OK RELS2 ;wait until OK released
CLR Buz
SETB Motor ;re-start the motor
RET

R e T T Start Timer 0 ---—---------eememe-

STARTTMO: ;start timer 0 in 16 bits mode
MOV  IE,#10000010B ;enable timer 0 interrupt
MOV  THO, #0COh ;use only 14 bits for

; faster interrupt interval time
MOV TLO, #0

MoV, . _TMOD, #00000001B
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MOV  TCON, #00010000B

; SETB TRO
SETB Solnd ;activate solenoid (start filling)
RET
;] Somemmmssamasaes Timer 0 Interrupt routine -------+=----
ITR‘_TMO:
MOV  THO, #0COh ;reload timer 0, use only 14 bits
; of the timer 0
; CLR Buz
; reflesh LED 7 Segs too

DJIJNZ Delay,DISPLAY
MOV  Delay, #OneTen

INC Time
: SETB Buz
DISPLAY:

CALL SHOWTIME
CHK_STOP:
MOV A,Time

CJNE A,FillTM,EXIT TMO

CLR Solnd ;stop filling
MOV  IE, #00000000B ;disable timer 0 interrupt
MOV  Time, #0 ;reset time
ORL P1,#11110000B ;clear display (7 segments)
SETB Motor ;start motor

EXIT_ TMO:
RET

; mmmmmm——m———— - Show Time ---------------~—-——-~—~--

; Display the value in 'Time' to 7 Segments
SHOWTIME:

MOV A,Time

MOV B, #10

DIV AB

JB Segl,DISPLAY A

DISPLAY B: ;7 segment0
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MOV A,B
SWAP A

ANL  P1,#0Fh

ANL A, #0FOh

ORL P1,A ;P1=Pl(lower 4 bits) OR A(higher 4 bits)
CLR Seg0
SETB Segl

SJMP EXIT_ST
DISPLAY A: ;7 segment 1

SWAP A

ANL A, #11110000B

JNZ A NEXT

DEC A ;if A=#0, don't display
A NEXT:

ANL P1,#0Fh

ANL A, #0FOh

ORL P1,A ;P1=Pl(lower 4 bits) OR A(higher 4 bits)
CLR Segl
SETB Seg0
EXIT ST:
RET
END
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